New quinoproteins in oxidative fermentation.
Several quinoproteins have been newly indicated in acetic acid bacteria, all of which can be applied to fermentative or enzymatic production of useful materials by means of oxidative fermentation. (1) D-Arabitol dehydrogenase from Gluconobacter suboxydans IFO 3257 was purified from the bacterial membrane and found to be a versatile enzyme for oxidation of various substrates to the corresponding oxidation products. It is worthy of notice that the enzyme catalyzes D-gluconate oxidation to 5-keto-D-gluconate, whereas 2-keto-D-gluconate is produced by a flavoprotein D-gluconate dehydrogenase. (2) Membrane-bound cyclic alcohol dehydrogenase was solubilized and purified for the first time from Gluconobacter frateurii CHM 9. When compared with the cytosolic NAD-dependent cyclic alcohol dehydrogenase crystallized from the same strain, the reaction rate in cyclic alcohol oxidation by the membrane enzyme was 100 times stronger than the cytosolic NAD-dependent enzyme. The NAD-dependent enzyme makes no contribution to cyclic alcohol oxidation but contributes to the reduction of cyclic ketones to cyclic alcohols. (3) Meso-erythritol dehydrogenase has been purified from the membrane fraction of G. frateurii CHM 43. The typical properties of quinoproteins were indicated in many respects with the enzyme. It was found that the enzyme, growing cells and also the resting cells of the organism are very effective in producing L-erythrulose. Dihydroxyacetone can be replaced by L-erythrulose for cosmetics for those who are sensitive to dihydroxyacetone. (4) Two different membrane-bound D-sorbitol dehydrogenases were indicated in acetic acid bacteria. One enzyme contributing to L-sorbose production has been identified to be a quinoprotein, while another FAD-containing D-sorbitol dehydrogenase catalyzes D-sorbitol oxidation to D-fructose. D-Fructose production by the oxidative fermentation would be possible by the latter enzyme and it is superior to the well-established D-glucose isomerase, because the oxidative fermentation catalyzes irreversible one-way oxidation of D-sorbitol to D-fructose without any reaction equilibrium, unlike D-glucose isomerase. (5) Quinate dehydrogenase was found in several Gluconobacter strains and other aerobic bacteria like Pseudomonas and Acinetobacter strains. It has become possible to produce dehydroquinate, dehydroshikimate, and shikimate by oxidative fermentation. Quinate dehydrogenase was readily solubilized from the membrane fraction by alkylglucoside in the presence of 0.1 M KCl. A simple purification by hydrophobic chromatography gave a highly purified quinate dehydrogenase that was monodispersed and showed sufficient purity. When quinate dehydrogenase purification was done with Acinetobacter calcoaceticus AC3, which is unable to synthesize PQQ, purified inactive apo-quinate dehydrogenase appeared to be a dimer and it was converted to the monomeric active holo-quinate dehydrogenase by the addition of PQQ.